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Cartridges and spent cartridge casings can be probative pieces of evidence. Unfortunately 
due to a combination of factors such as exposure to high temperatures and initially low 
amounts of biological material on the surface, DNA testing so far has been mostly 
unsuccessful for these items. Typing other marker systems, such as protein 
polymorphisms, on the same biological evidence would add power of discrimination. To 
explore this option we developed a DNA-protein trypsin-based co-extraction method that 
was optimized for unfired and fired cartridges. Various sample wet and dry collection 
methods and multiple metal casings, such as aluminum, nickel, steel, and brass were 
tested. Tape lifting with the Voigtlaender Neschen Foil S23 was determined to be the best 
sample collection method. Cartridges with brass casings were determined to yield the 
least amount of DNA and protein. For most metals fired cartridge casings yielded less 
biological material than unfired cartridges, but this finding was only significant for steel 
(protein), and steel and aluminum (DNA). Many touched cartridge casings negative for 
DNA were positive for identifiable protein fragments. But ammunition straight out of the 
box and even some substrate control samples collected from cleaned casings also yielded 
peptide signals. Therefore further testing evaluating environmental levels of protein will 
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Firearms are used to commit many types of crimes from murder to rape to armed robbery. 
In a Forensic Magazine article, Phillip Danielson stated that  “Nearly 70 percent of 
homicides involve handguns, and handguns are used in just under half of robberies and a 
little under a quarter of aggravated assaults” (Jim Dawson, 2016). In many of these cases, 
there are either no eye witnesses or the witnesses present are unable to identify the 
criminal due to a disguise of some sort. In those situations physical evidence left at the 
scene by the criminal would assist in identifying the offender. Spent cartridge casings or 
a firearm loaded with ammunition may be found at the crime scene and can possibly be 
connected to the offender. Normally, the cartridges and spent casings would have to be 
compared to the ammunition owned by a suspect in order to establish a connection 
between the evidence and the suspect. This comparison has reduced strength in court 
because firearm ammunition is mass-produced, meaning many people have the same type 
of ammunition in their possession. The firing pin impression and breach marks on the 
spent cartridge casings can link a firearm to the fired cartridges. The strength of this type 
of comparison is difficult to determine and again may still not be enough to identify the 
correct suspect.  
 
While handling guns and ammunition a person would leave fingerprints and DNA behind. 
The amount of DNA tends to be low because most of the skins flakes found on touch 
object are a nucleated. Although most of the skin cells that are shed do not contain a 
nucleus, many of the skin cells may have extracellular DNA from other parts of the body 
such as the nose or mouth in the form of saliva, sweat, mucous, and sebum (Ostojic & 
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Wurmbach, 2017). This adds to the likelihood of obtaining a DNA profile from touch 
DNA samples. The recovery of touch DNA depends on multiple variables such as 
shedder status (Farmen et al., 2008), the substrate the DNA was deposited on (Ostojic & 
Wurmbach, 2017) and how the DNA is collected for extraction (Wan, MacDonald, Perez, 
Bille & Podini, 2015).  
 
Cartridge casings are considered a smooth substrate and are routinely processed for 
fingerprints. They, however, rarely are quality prints that can be uploaded to the 
Integrated Automated Fingerprint Identification System (Spear et al., 2005). These prints 
can also be processed for touch DNA with the goal to obtain a usable DNA profile for the 
CODIS DNA database. Success rates for touch DNA are low; the best situation would be 
if a bloody print were found on a cartridge (Spear et al., 2005). Multi year statistics from 
a European crime lab revealed a DNA typing success rate of 6.9% (Dieltjes et al 2011).  
A study on ammunition from eight different types of guns showed that some DNA can be 
obtained from fired cartridge cases but only a few partial STR profiles were determined 
(Mawlood, Dennany, Watson & Pickard, 2015). There are a couple of theories as to why 
little DNA has been extracted from the spent casings. The heat from inside the gun as it 
propels the bullet out of the chamber degrades the DNA deposited on the cartridge’s 
surface. Also as the gun fires, the cartridge casing expands due to the heat causing the 
surface to come in contact with the inner chamber of the gun. This would lead DNA to be 
wiped off the surface. Cartridges made out of brass casing are especially problematic. 
They are the most common type of ammunition in the US. Although more expensive than 
similarly made steel or aluminum-cased cartridges, the brass-cased cartridges are 
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reusable, resistant to corrosion, and expand and shrink quickly making them less likely to 
get stuck within the barrel of a gun (Ammo.com, 2017). The brass casing contains copper, 
a metal with antimicrobial properties that degrades DNA (Bille, Grimes, & Podini, 2013). 
The authors theorized that redox cycling and the production of reactive oxygen species 
groups cause oxidative damage to cell and DNA.  
 
The struggle to obtain sufficient DNA for further testing lead to the idea of researching 
polymorphisms in proteins to use together with DNA for identification purposes. When a 
person touches the surface of an object, cell-free DNA and epithelial cells from the 
epidermis are left on that surface. The epidermis mainly contains keratinocytes, cells that 
produce a protein called keratin (University of Washington, n.d.). The topmost layer, the 
stratum corneum, cornified cells that mostly contain keratin and lack DNA (Fischer et al., 
2011). In general, each cell contains one strand of DNA and thousands of proteins. By 
numbers alone, there is a stronger possibility that proteins should be detected on fired 
cartridge casings. Protein are also more robust than DNA, surviving longer. Following 
the theory that even coding genes are variable, many proteins are expected to show amino 
acid sequence  polymorphisms. A combination of protein polymorphisms would be able 
to differentiate among individuals, and could be used as an alternative to DNA when no 
DNA is found on cartridge casings, or provide additional information if partial DNA data 
were recovered. Parker et al. (2017) started looking into genetically variant proteins 
(GVPs) using hair shafts and were successful at finding several amongst European 
Americans. These types of protein polymorphisms are bi-allelic and less informative than 
DNA Short Tandem Repeats (STR) (Parker et al 2017). Therefore, DNA testing should 
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be attempted first and biological material should not be consumed for protein analysis. In 
order to combine both tests, a method of simultaneously collecting and  extracting DNA 
and protein from unfired and fired cartridge casings was developed in this thesis. 
Promega Sequencing Grade Modified Trypsin was used to replace the enzyme Proteinase 
K normally used for DNA extraction. Trypsin digests proteins into peptide components 
by breaking peptide bonds at the carboxyl end of lysines and arginines in the peptide 
sequence (Promega, 2016). This specific cleavage allows for reproducible mass 
spectrometry results for protein identification. For this project, samples were sent to 
Lawrence Livermore Nation Laboratory’s GVP team to confirm our method was working.  
 
A co-extraction of DNA and proteins method was created for latent fingerprints on glass 
slides (Kranes, 2017). This project built on that method and optimized it for latent prints 
on cartridges both unfired and fired. One of the issues to consider was how to collect the 
biological material for extraction. The glass slide method used a Fisherbrand® Polyester-
Tipped Applicator wetted with Protease Max (Promega) prior to swabbing. The copper-
induced degradation of DNA occurs when the casing gets in contact with water. This 
means a dry sample collection method should lead to more DNA being extracted from the 
cartridge with less degradation. A presentation on an experiment that compared two 
sample collection techniques, swabs and tape lifts, from unfired and spent cartridge cases 
showed that tape lifting improved DNA yield (Wan, MacDonald, Perez, Bille & Podini, 
2015). Various types of sample collection methods have been tested for touched objects 
in the past. Verheij, Harteveld, and Sijen (2012) recommended Pritt Sellotape® Double 
Sided Tape for DNA sample collection. Templeton and Linacre (2014) were able to 
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obtain DNA profiles using Copan FLOQSwabs™. These sample collection methods as 
well as other swabs and a range of adhesive tapes were tested in this study with touched 
brass cartridges as the substrate.  
 
There is an expectation of variance in the DNA and protein yields amongst donors due to 
how much biological material an individual leaves behind, “sheds”, when touching an 
item. The shedder status, whether someone is a good, medium, or poor shedder, affects 
how much DNA is recovered and if a full DNA profile can be obtained (Farmen et al., 
2008). In consideration of this, for each experiment, two or more donors were tested and 
an average of yields was calculated. Also for each comparison, right and left hand 
samples from each donor were used in parallel then compared to each other. Various 
types of ammunition were tested to evaluate different metals. Going to the theories 
proposed by Bille, Grimes, and Podini (2013) about the incompatibility between the brass 











Materials and Methods: 
Materials 
The following swabs were tested for sample collection: Fisherbrand® Polyester-Tipped 
Applicators, Copan FLOQSwabs™, and TX® 757B Micro CleanFoam® Swabs. The 
following tapes were tested for sample collection: Pritt Sellotape® Double Sided Tape, 
Scotch® Magic™ Tape, Scotch® Transparent Tape, Scotch® Permanent Double Sided 
Tape, Scotch® Removable Poster Tape, Voigtlaender Neschen Foil S23, Scenesafe 
FAST™, and SmartSolve® Hydrographic Tape. Fingerprint samples were deposited on 
glass slides and the following cartridges: Remington® UMC® Ammunition 9mm Luger 
ammo (Brass), Speer Gold Dot® Personal Protection 9mm Luger ammo (Nickel), Wolf® 
Polyformance® 7.62 x 39mm ammo (Steel), and Herter’s Select Grade Aluminum Case 
9mm Luger ammo (Aluminum).  
 
Fingerprint Collection  
Volunteers were recruited using flyers following IRB approval (IRB File #2016-0064). 
Samples were created to simulate unspent ammunition that had been loaded into the 
magazine of a gun. Participants were asked to wash their hands with soap to remove 
foreign DNA. Once the hands were dried, they then touched their faces and rubbed their 
hands together for 15 seconds each to replenish the hands with the participant’s skin 
surface material. The participants then held a cartridge in each hand between their 
fingertips while mainly touching the casing for 5 seconds. If another set of samples had to 
be obtained, the participant would again touch their faces and rub their hands for 15 
seconds each then hold a cartridge in each hand by the fingertips for 5 seconds. 
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For the experiment that compared the DNA and protein yields of unfired and fired 
cartridges, volunteers were asked to wash their hands with soap. Once dried, they touched 
their faces and rubbed their hands together for 15 seconds each. Cartridges were placed 
into both hands. Volunteers then rubbed cartridges within each hand for 5 seconds. They 
placed the cartridges into the opposite hand then again rubbed them in each hand for 5 
seconds. The designated unfired cartridge samples were set-aside until extraction time. 
The designated fired cartridge samples were then loaded into the magazine of the 
appropriate gun then fired. A Glock-9 was used to fire the aluminum, nickel, and brass 
ammunition while an AK-47 was used to fire the steel ammunition. The fired casings 
were collected then stored until extraction.  
 
Prior to print deposit surfaces were cleaned as follows. Cartridge were cleaned with 75% 
isopropanol then made DNA-free using a 45 minute exposure to UV in an Air Science® 
UV-BOX™. Glass slides, the magazines, and the inner chambers of the firearms were 
cleaned with 10% bleach followed by Reverse Osmosis water, and 75% ethanol.   
 
Reference samples were collected on Puritan cotton tipped applicators by asking 







The following sample collection techniques were tested. 
Wet Swabbing 
The polyester swabs and FLOQ swabs were moistened with 5 µL of lysis buffer prior to 
swabbing. The cartridge casing was swabbed in its entirety once.  
Dry Swabbing 
The TX® 757B Micro CleanFoam® Swabs and Copan 4NG FLOQSwabs™ were used to 
dry swab. The entire casing was swabbed once. 
Tape Lifting 
The general protocol was as follows: a piece of adhesive tape was pressed against the 
cartridge casing to pickup the DNA. The same tape was repeatedly pressed against the 
cartridge until the entirely casing came in contact with the tape once. Tape was then put 
into 1.5mL Fisher tubes that had been prefilled with 60 or 100 µL of lysis buffer 
depending on the extraction method used. The exact procedure of tape lifting was 
modified during the thesis. At first three pieces of 1.22cm by 1.2cm tape were used to 
pick up DNA from one sample. The general procedure was repeated for every piece of 
tape. This technique seemed to cause some issues. We noticed the elution volumes for the 
tape lifted samples were lower than swabbed samples. We also wanted to try an 
extraction method that would lower the initial extraction volume and three pieces of tape 
may not have fit in the smaller volume. For these reasons we proceeded to use only one 
piece of tape. The elution volume increased with this change but we still had a loss in 
volume. The next modification was to cut the one piece of tape into four smaller pieces 
after collection.  
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For the experiment that compared different brands of tape with brass cartridges and for 
the final experiment the following procedure was followed:  tape was wrapped around the 
body of the cartridge mainly on the casing. The tape was firmly pressed down on the 
cartridge before being lifted. That piece of tape was then cut into smaller pieces. The 
pieces were then put into a 1.5mL microcentrifuge tube to be submerged in the 100µL 
aliquot of lysis buffer.  
 
DNA Extraction 
Trypsin with Microcon Method 
Collected samples were submerged in 100µL of digestion buffer containing of 0.01% 
Promega Protease Max™ Surfactant, 5mM Dithiothreitol (DTT; Promega), and “freshly 
made” 50mM ammonium bicarbonate (NH4CO3; Fisher Scientific). Ammonium 
bicarbonate solution was considered “freshly made” for three days after being made. The 
samples were then incubated at 56oC for 20 minutes while shaking at 1400rpm. One 
microliter of 0.1 µg/µL Promega Sequencing Grade Modified Trypsin was added to each 
sample tube. Tubes were incubated at 37oC for 3 hours while shaking at 1400rpm. The 
trypsin was deactivated by heating the samples to 99oC for 10 minutes. The samples were 
then immediately cooled down in a frozen cooling block for an additional 10 minutes. 
Sample were thawed then spun down briefly. The extract was separated from its substrate 
using Midsci ™ Spin Filter Baskets and dolphin microcentrifuge tubes. The samples 
were centrifuged for 5 minutes at 1500rcf. The sample extract was then transferred to a 
Microcon® DNA Fast Flow Centrifugal Filter Unit with a 100kD cut-off Ultracel® 
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Membrane and collection tube. The membrane units were centrifuged for 30 minutes at 
500rcf. The flow through being the fraction containing the digested peptides was 
transferred to 1.5mL Eppendorf Tubes® Protein LoBind Tubes then stored at -80oC. To 
recover the fraction containing DNA, 20µL of dH2O was added to the membrane. The 
membrane unit was then inverted into a second collection tube and centrifuged at 1000rcf 
for 3 minutes. The extract for each sample was then transferred to its own 1.5mL Fisher 
or Eppendorf DNA LoBind microcentrifuge tube to be stored at -20oC. Extraction 
negative controls were processed with each sample batch. 
 
Variation to Trypsin Method with Microcon 
After the first centrifugation using the Microcon® DNA Fast Flow Centrifugal Filter Unit 
(30 minutes at 500rcf), sometimes an additional wash done. This step involved adding 
40µL deionized water to each membrane prior to spinning down for an additional 15 
minutes at the same speed. The retrieval of the DNA fraction would follow as described 
above. Another variation is when FLOQ swabs used, 200µL of lysis buffer was used per 
sample to accommodate for the swab’s size instead of 100µL. 
 
For the “trypsin extraction comparison” experiment, the trypsin microcon method used 
had an initial volume of 60µL instead of 100µL.  
 
Trypsin “Split” Method 
After collection, samples were submerged in 60µL of digestion buffer containing 0.01% 
Promega Protease Max™ Surfactant, 5mM DTT, and “freshly made” 50mM ammonium 
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bicarbonate (NH4CO3). The samples were then incubated at 56oC for 20 minutes while 
shaking at 1400rpm. One microliter of 0.1µg/µL Promega Sequencing Grade Modified 
Trypsin was added to each sample tube. Tubes were incubated at 37oC for 3 hours while 
shaking at 1400rpm. The samples were heated at 99oC for 10 minutes then cooled down 
to 4oC for an additional 10 minutes. Samples were spun down briefly. For each sample 
the extract solution and substrate were separated using Midsci ™ Spin Filter Baskets and 
dolphin microcentrifuge tubes. The samples were centrifuged for 5 minutes at 1500rcf. 
The extract solution of each sample containing both the digested peptides and extracted 
DNA was split in half. One half was transferred to a 0.5mL Eppendorf Tubes® Protein 
LoBind Tube then stored at -80oC. The other half was then transferred to a 0.5mL Fisher 
or Eppendorf DNA low-bind microcentrifuge tube to be stored at -20oC. Extraction 




The protein quant was performed using the Thermo Fisher Scientific Pierce Quantitative 
Fluorometric Peptide Assay. The following standards were prepared using the 1µL/µL 
Peptide Digest Assay Standard and 50mM ammonium bicarbonate:  1000ng/µL, 
500ng/µL, 250ng/µL, 125ng/µL, 62.5ng/µL, 31.3ng/µL, 15.6ng/µL, and 7.8ng/µL. A 
blank was also made using the ammonium bicarbonate. 10µL of each sample and 
standard and the blank were mixed with 70µL of Fluorometric Peptide Assay Buffer and 
20µL of Fluorometric Peptide Assay Reagent within its own well in a 96-well black 
bottom microplate (Thermo Fisher Scientific) according to the manufacturer’s protocol. 
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The plate was then sealed temporarily while incubating at room temperature for at least 5 
minutes and no more than 10 minutes. The resulted fluorescence was measured using the 
Bio Tek® Synergy MX Microplate Reader at Ex 390nm/Em 475nm. Excel was used to 
create the standard curve. The peptide concentration of the samples was then calculated 
using excel.  
 
DNA Quantitation 
The DNA quant was performed using the Applied Biosystems® by Life Technologies™ 
Quantifiler® Trio DNA Quantification Kit. The following standards were prepared using 
the Quantifiler® THP DNA Standard and the Quantifiler® THP DNA Dilution Buffer: 
50ng/µL, 5ng/µL, 0.5ng/µL, 0.05ng/µL, and 0.005ng/µL. 18µL of master mix using 10µL 
of Quantifiler® Trio THP PCR Reaction Mix and 8µL of Quantifiler® Trio Primer Mix 
was combined with 2µL of DNA sample or standard. The blank “no template control” 
was composed of only the master mix. After the microplate was sealed and briefly 
centrifuged, the plate was inserted into an Applied Biosystems® 7500 Real-Time PCR 
System for analysis using the Quantifiler® Trio program in the Applied Biosystems® 
HID Real-Time PCR Analysis Software v1.2. The cycling parameters are in the chart 
below: 
 
Initial Incubation Denature Anneal/Extend 













The Applied Biosystems® by Life Technologies™ AmpFLSTR® Identifiler® Plus PCR 
Kit was used to amplify the sample for STR allele calling by capillary electrophoresis. 
7.5µL of master mix containing 5µL of Primer Set was mixed with the samples. 
Amplification target amount was 1ng. For samples with a concentration of 200pg/ µL or 
less, 5µL of the sample was amplified in the reaction. Samples with less tan 5pg/µL were 
not amplified. An amplification negative was prepared by adding 5µL of 0.1X TE to an 
aliquot of master mix. The positive control was prepared by adding 2.5µL of both 0.1X 
TE and AmpFLSTR® Control DNA 9947A with an aliquot of master mix. All PCR 





Denature Anneal/Extend Final Extension Final Hold 













For each sample 0.36µL of 600 LIZ Size Standard v2.0 were mixed with 11µL of highly 
deionized Formamide to create the master mix. In a 96-well microplate, 11µL of master 
mix was mixed with 1.2µL of extract, control, or Identifiler® Plus allelic ladder. The 
microplate was sealed, briefly spun down, placed in the thermocycler for 5 minutes at 
95oC then 5 minutes at 4oC for denaturation and spun down again. The plate was then 
loaded into the Applied Biosystems® by Life Technologies™ Hitachi 3500 Genetic 
Analyzer. All samples were injected for 15 seconds at 1.2kV using Performance 
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Optimized Polymer 4 (POP4) for separation. All reagents mentioned in this paragraph 
were from Thermo Fisher Scientific Life Technologies™.  
 
STR Analysis 
The GeneMapper® ID-X v1.5 software (Thermo Fisher Scientific Life Technologies™) 
was used to determine the STR profile of the samples. Identifiler® Plus macro settings, 
including locus specific minus 4 stutter filters, were kept as set by the manufacturer, with 
the exception of the analytical threshold that was set to 50 rfus (relative fluorescent units).  
 
Profile Interpretation 
The genotype of each locus was compared to the reference genotype of the associated 
donor. Results are converted into a heat map. A green square indicates all expected 
alleles were detected at that locus. The yellow square means there was allelic drop out of 
a heterozygote profile. A red square represents complete locus drop out. From the heat 
map, a profile classification was determined for each sample. A full profile meant all 
expected allelic were seen in the sample. A result was a “good partial” profile when the 
expected genotypes for at least seven loci were seen in the sample. A “bad partial” profile 
indicated that fewer than seven loci of the expected genotypes were detected. A “negative 







Prior to being used for sample collection different tapes were tested for PCR inhibition. 
Briefly, clean tape samples were incubated in extraction buffer and these solutions were 
mixed with known amounts of reference DNA for Identifiler® Plus amplification. 
 
Tape Test with Trypsin Split Incubation Method 
60 µL of digestion buffer containing of 0.01% Promega Protease Max™ Surfactant, 
5mM DTT, and “freshly made” 50mM ammonium bicarbonate were pipetted into each 
microcentrifuge tube. For each tape sample, the tape was cut into to about 3.2cm by 
1.2cm. This was approximately the size of the brass casing of the 9mm ammunition. An 
extraction negative, as well as a buffer control with no tape, were prepared. The tapes 
were submerged in the digestion buffer and left at room temperature for four hours to 
simulate the amount of the time the tape would be in contact with the digestion buffer 
during trypsin extraction. The solution was separated from its substrate using the Midsci 
™ Spin Filter Baskets and dolphin microcentrifuge tubes. The samples were centrifuged 
for 5 minutes at 1500rcf. The flow through was then transferred to a 0.5mL 
microcentrifuge tube to be stored at -20oC. 
 
Tape Test with Trypsin Microcon Incubation Method 
100µL of digestion buffer containing of 0.01% Promega Protease Max™ Surfactant, 
5mM DTT, and “freshly made” 50mM ammonium bicarbonate were pipetted into each 
microcentrifuge tube. For each tape sample, the tape was cut into to about 3.2cm by 
1.2cm. An extraction negative, as well as a buffer control with no tape, were also 
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prepared. The tapes were submerged in the digestion buffer and left at room temperature 
for four hours. The solution was separated from its substrate using the Midsci ™ Spin 
Filter Baskets and dolphin microcentrifuge tubes. The samples were centrifuged for 5 
minutes at 1500rcf. The sample extract was then transferred to a Microcon® DNA Fast 
Flow Centrifugal Filter Unit with Ultracel® Membrane and collection tube. The 
membrane units were centrifuged for 30 minutes at 500rcf. The flow through was 
transferred to 0.5mL Eppendorf Tubes® Protein LoBind Tubes then stored at -80oC. To 
recover the “DNA” fraction above the membrane, 20µL of dH2O was added to the 
membrane. The membrane was then inverted into a second collection tube and 
centrifuged at 1000rcf for 3 minutes. The extract for each sample was then transferred to 
its own 0.5mL microcentrifuge tube to be stored at -20oC. 
 
PCR-STR Test 
PCR was preformed using the procedure described above. 5µL of the sample solutions 
were added to the master mix. 1ul of 500pg/µL reference DNA was pipetted into the 
samples with tape extracts and the “no tape” buffer control. The “no tape” control now 
consists of the lysis buffer and the reference DNA, while the extraction negative 
contained only lysis buffer. Capillary electrophoresis, STR analysis, and profile 
interpretation were performed using the procedures previously described.  
Mass spectrometry 
Selected peptide fractions were sent to Lawrence Livermore National Laboratory for 
mass spectrometry. The Genetically Variable Protein (GVP) team used 5µL of extract or 
flow-through to separate and identify specific peptides by reversed-phase liquid 
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chromatography on an Easy-nanoLC 1000 HPLC (Thermo Scientific, Asheville, NC, 
USA) fitted with a Thermo Scientific Q Exactive Orbitrap mass spectrometer. Raw data 
was uploaded into PEAKs software. The software determined the number of proteins, the 
amount of peptides, and the number of unique peptide sequences. Data was put into a 
Scaffold software to identify the proteins in each sample.  The GVP team also calculated 
the abundance of each identified protein in the samples.   
 
Statistics 
A Mann-Whitney U test was performed on the protein and DNA yields of the “unfired vs. 















Sample Collection Comparison 1  
The purpose of this experiment was to compare dry sample collection techniques to wet 
sample collection techniques for the amount of DNA and protein extracted on glass 
samples. The two wet collection methods tested used the polyester swab and the FLOQ 
swab. The dry sample collection methods were tape lifting and dry swabbing using the 
foam swab. Sellotape was used for the tape lift method. The extraction method used was 
the microcon method with the additional wash. The wet FLOQ swab method yielded the 
most extracted DNA on average followed by the tape lift method, the dry swab method, 
and lastly the wet polyester method (Figure 1). For the peptide quant, the wet FLOQ 
swab method yielded the most peptides on average followed by the wet polyester method, 
the tape lift method, and lastly the dry foam swab method (Figure 2). All 12 samples, 3 
donors per sample collection method, yielded enough DNA for Identifiler Plus STR 
testing. 10 samples had full profiles, while two samples from donor 2 (dry foam and tape 
lift) had a single allelic drop out (Table A1 in Appendix). All samples from donor 1 and 
two samples from donor 2 were mixtures but the donor was always the major component.  
All samples from donor 2 were sent to LLNL. As can be seen in Table 1, the wet 
polyester swab sample had the most peptides while the wet FLOQ swab method had the 









Table 1: Mass Spectrometry Results for Sample Collection Comparison 1 
Sample Pept # Unique # ID Prot # 
Extraction negative 103 46 5 
Fingerprint / Wet polyester swab 3443 1219 54 
Fingerprint / Wet FLOQ swab 750 285 13 
Extraction negative 14 7 3 
Fingerprint / Tape lift 2056 653 25 
Fingerprint / Dry foam swab 2205 841 32 
The Pept # column shows the number of peptide sequences identified. The Unique # column shows the 
number of peptides with unique sequences. The ID Prot # column shows the number the proteins identified 
by the presence of two or more specific peptides. 
 
The data showed that the dry sample collection methods have the potential to yield as 
much DNA and proteins as the wet sample collection methods.  
 
Figure 2: Peptide quantitation 
results from Sample Collection 
Comparison 1. The dry foam 
swab method yielded 4938.68 + 
1733.13ng of peptide. The tape 
lift method yielded 5956.31 + 
2726.24ng of peptide. The wet 
FLOQ swab method yielded 
8503.92 + 1073.79ng of peptide. 
The wet polyester swab method 
yielded 6386.62 + 2432.43ng of 
peptide. 
 
Figure 1: DNA quantitation 
results from Sample Collection 
Comparison 1. The dry foam 
method yielded 3.45 + 3.16ng of 
DNA. The tape lift method 
yielded 4.08 + 3.27ng of DNA. 
The wet FLOQ swab method 
yielded 4.91 + 4.76ng of DNA. 
The wet polyester method yielded 
2.42 + 1.40ng of DNA. 
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Sample Collection Comparison 2 
The purpose of this experiment was to compare dry sample collection techniques to wet 
sample collection techniques for the amount of DNA and protein extracted on brass 
cartridges. The same wet and dry collection methods from the previous experiment were 
tested here. Environmental controls and substrate negatives were also tested with each 
sample collection method. The trypsin microcon extraction method with additional wash 
was used for all samples. The environmental controls and substrate negatives had either 
no DNA or negligible amounts of DNA (< 1pg/µL). The tape lifting method yielded the 
most DNA on average while the dry foam swab method yielded the least amount of DNA 
(Figure 3). On the protein side, the wet FLOQ swab method yielded the most peptides 
while the wet polyester swab yielded the least amount of peptides (Figure 4). The 
environmental controls and substrate negatives yielded significant amounts of peptide 
(Table 2). The only sample with sufficient DNA for Identifiler Plus STR testing was one 
sample collected with the tape lift method (Table A2 in Appendix). The sample yielded a 
good partial STR profile. The environmental samples, substrate negatives and all samples 
from one donor were sent to LLNL for mass spectrometry. LLNL’s mass spectrometry 
results in Table 3 show that the number of peptides found in the environmental controls 
and substrate negative, in most cases, was less than 14% of the number of peptides found 
in their respective donor samples. One exception was the tape lift sample on brass where 









Table 2: Peptide yields of substrate negative controls and environmental controls. 
Sample Peptide Yield (ng) 
Wet polyester swab / Substrate negative  834.15 
Wet polyester swab / Environmental 
control 
945.99 
Wet FLOQ swab / Substrate negative  5889.8 
Wet FLOQ swab / Environmental control 9871.6 
Tape / Substrate negative  5242.10 
Tape / Environmental control 2438.83 
Dry foam swab / Substrate negative  2083.43 
Dry foam swab / Environmental control 1451.80 
 
Figure 3: DNA quant 
results for Sample 
Collection Comparison 2. 
The dry foam swab method 
yielded 0.03 + 0.02ng of 
DNA. The tape lift method 
yielded 0.85 + 1.20ng of 
DNA. The wet FLOQ 
method yielded 0.58 + 
0.51ng of DNA. The wet 
polyester swab method 
yielded 0.09 + 0.13ng of 
DNA.  
Figure 4: Peptide quant results 
for Sample Collection 
Comparison 2. The dry foam 
swab method yielded 2635.49 
+ 767.13ng of peptide. The 
tape lift method yielded 
3792.62 + 1082.72ng of 
peptide. The wet FLOQ swab 
method yielded 14109.66 + 
9476.06ng of peptide. The wet 
polyester swab method yielded 




The samples that were swabbed with the FLOQ swab yielded the most peptides while the 
samples that were swabbed with the polyester swab yielded the least. 
The protein fraction of the samples that used the wet FLOQ swab methods was split in 
half. One half was tested as is while the other half was lyophilized prior to mass 
spectrometry. As seen in in table 3, lyophilization decreased the amount of peptides 
identified by the mass spectrometer.  
 








Extraction negative (for polyester and FLOQ samples) 16 8 2 
Environmental control / Brass cartridge / Wet polyester 
swab  94 60 7 
Substrate negative / Wet polyester swab 114 69 8 
Fingerprint / Brass cartridge / Wet polyester swab  3047 1359 68 
Environmental control / Brass cartridge / Wet FLOQ swab  123 68 3 
Substrate negative / Wet FLOQ swab 1 1 1 
Fingerprint / Brass cartridge / Wet FLOQ swab  2866 972 49 
Environmental control / Brass cartridge / Wet FLOQ swab / 
Lyophilized 22 21 4 
Substrate negative / Wet FLOQ swab / Lyophilized 9 9 1 
Fingerprint / Brass cartridge / Wet FLOQ swab / 
Lyophilized 1026 375 20 
Extraction negative (for tape lift and dry foam samples) 23 9 3 
Environmental control / Brass cartridge / Sellotape lift 420 185 16 
Substrate negative / Sellotape lift 46 29 3 
Fingerprint / Brass cartridge / Sellotape lift 3136 1221 55 
Environmental control / Brass cartridge / Dry foam swab  80 50 2 
Substrate negative / Dry foam swab 74 42 3 
Fingerprint / Brass cartridge / Dry foam swab  2468 1035 63 
 
Overall the data indicate that the surface on which biological material is deposited on 
affects the DNA and protein recovery for different sample collection methods. For 
fingerprints on glass samples, the wet FLOQ swab method yielded the most DNA, while 
on brass cartridges tape lifting yielded more DNA. Also the overall yield of both DNA 
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and protein decreased for almost all methods for the brass cartridge samples. Again, it 
seems that tape lifting can be used without compromising DNA or peptide yields.       
 
Metal Casing Comparison  
The purpose of this experiment was to compare how different metal casings affect the 
recovery of DNA and proteins. Aluminum, nickel, steel, and brass casings were tested. 
This experiment also compared the wet polyester swab method to the tape lift method 
with each metal casing. Sellotape was used for the tape lift method. The microcon 
method with additional wash was used for all samples. Data are depicted in figures 5 and 
6. For the wet polyester method, the aluminum casing yielded the most DNA while the 
brass casing yielded the least DNA. For the tape lift method, the nickel casing yielded the 
most DNA while the brass casing yielded the least DNA. Overall the tape lift method 
yielded more DNA.  In terms of peptides, for the wet polyester swab method, the steel 
casing yielded the most peptides while the brass casing yielded the least. For the tape lift 
method, the steel casing yielded the most peptides while the nickel casing yielded the 
least. Overall, the tape lift method yielded more peptides. Only one sample, the sample 
from the nickel casing that was tape lifted, went on to Identifiler Plus STR testing. The 
sample had a full profile (Table A3 in Appendix). All the samples from one donor were 
sent to LLNL. The steel casing had the highest number of peptides for both sample 



























Figure 5: The DNA quantitation results for 
metal casing comparison. With the wet 
polyester swab method, the aluminum 
casing yielded 0.10 + 0.03ng of DNA, the 
nickel casing yielded 0.03 + 0.02ng of 
DNA, the steel casing yielded 0.08 + 
0.08ng of DNA, and the brass casing 
yielded 0.00 + 0.01ng of DNA. With the 
tape lift method, the aluminum casing 
yielded 0.19 + 0.07ng of DNA, the nickel 
casing yielded 1.20 + 1.41ng of DNA, the 
steel casing yielded 0.40 + 0.52ng of DNA, 
and the brass yielded 0.03 + 0.03ng of 
DNA. 
Figure 6: Peptide quantitation for metal casing 
comparison. With the wet polyester method, the 
aluminum casing yielded 1814.96 + 580.19ng 
of peptides, the nickel casing yielded 1221.25 + 
3.76ng of peptides, the steel casing yielded 
3851.15 + 3714.45ng of peptides, and the brass 
casing yielded 1061.72 + 786.25ng of peptides.  
With the tape lift method, the aluminum casing 
yielded 2354.20 + 757.82ng of peptides, the 
nickel casing yielded 2056.74 + 658.71ng of 
peptides, the steel casing yielded 5295.87 + 
4397.42ng of peptides, and the brass casing 




Table 4: The mass spectrometry results for metal casing comparison 
Sample Pept # Unique #  ID Prot # 
Extraction negative / Lyophilized 1 1 0 
Fingerprint / Aluminum cartridge / Wet polyester swab / 
Lyophilized 2169 838 61 
Fingerprint / Nickel cartridge / Wet polyester swab / 
Lyophilized Failed	  Failed	  Failed 
Fingerprint / Steel cartridge / Wet polyester swab / 
Lyophilized 5218 1903 101 
Fingerprint / Brass cartridge / Wet polyester swab / 
Lyophilized 2236 946 52 
Extraction negative / Lyophilized 69 33 4 
Fingerprint / Aluminum cartridge / Tape lift / Lyophilized 4691 1686 87 
Fingerprint / Nickel cartridge / Tape lift / Lyophilized 3196 1045 56 
Fingerprint / Steel cartridge / Tape lift / Lyophilized 5189 1611 90 
Fingerprint / Brass cartridge / Tape lift / Lyophilized 4179 1394 Failed 
Sample NP2 failed to run and yielded no count for number of proteins, peptides and unique peptide 
sequences. The protein identification staged failed for sample BT2.  For the aluminum and brass casings, 
the tape method produced more peptides. The wet polyester method for the steel casing produced more 
peptides. No comparison could be made for the nickel samples. 
 
Overall the data showed that the tape lift method yielded the most DNA and protein. 
Different metal casings have an effect on the DNA and protein recovery. Since the brass 
casings yielded the least amount of DNA and proteins we chose them as test substrates 
for future experiments. The idea was that if our trypsin extraction works to recover 
biological material from brass casings, the method would work on all cartridge casings. 
 
Environmental Levels 
The purpose of this experiment was to see how much background DNA and proteins are 
on a bullet prior to it being handled by a potential shooter. One cartridge of each metal 
casing was tested. Cartridges were taken straight from manufacturer’s box then tape lifted. 
Cartridges were not cleaned prior to testing. Samples were tape lifted using Sellotape. 
The trypsin microcon method with additional wash was used. The environmental sample 
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displayed no DNA being present. However, as can be seen in Table 5 and 6, peptides and 
identifiable proteins were found on all samples.  
Table 5: Peptide yield of environmental samples 
Sample Peptide Yield (ng) 
Environmental control / Aluminum cartridge 482.60 
Environmental control / Nickel cartridge 758.08 
Environmental control / Steel cartridge 440.30 
Environmental control / Brass cartridge 419.12 
 
The peptide yields of the environmental samples are all well below those of the samples 
from prior examples.  
 
Table 6: Mass spectrometry results for environmental samples 
Sample Pept # Unique # ID Prot # 
Environmental control /Brass cartridge 23 22 5 
Environmental control / Nickel cartridge 81 58 8 
Environmental control / Steel cartridge 126 80 10 
Environmental control / Aluminum cartridge 316 221 25 
 
The number of peptides found in the environmental samples was never as high as the 
number of peptides found in fingerprint samples. 
Environmental background levels for identifiable proteins will need to be taken into 
account for data interpretation.   
 
Trypsin Extraction Comparison 
The purpose of this experiment was to compare the trypsin microcon method to an 
abbreviated method with no further purification: the trypsin split method. In this 
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approach the digested sample is divided between Identifiler Plus STR and mass 
spectrometry analysis. To keep as many variables constant as possible, samples tested 
were fingerprints on brass cartridge casings. The samples were tape lifted with Sellotape. 
An extraction negative was made for both extraction methods. The microcon method 
samples yielded more DNA, while the split method samples yielded more peptides 
(Figure 7 and 8). None of the samples had sufficient DNA to go on to Identifiler Plus 
STR testing. All samples were sent to LLNL. The results are inconclusive. For one donor, 
the microcon method yielded more proteins while for the second donor, the split method 












Figure 7: DNA quantitation results of trypsin extraction 
comparison. 
The microcon method yielded 0.04 + 0.05ng of DNA. 
The split method yielded 0.02 + 0.002ng of DNA. 
Figure 8: Peptide quantitation results of trypsin 
extraction comparison. The microcon method yielded 
1247.87 + 1079.82ng of peptides. The split method 






Table 7: Mass spectrometry results of trypsin extraction comparison 
Sample Pept #  Unique # ID Prot # 
Fingerprint / Brass cartridge / Split method 596 810 53 
Fingerprint / Brass cartridge / Split method 2795 3414 85 
Fingerprint / Brass cartridge / Microcon method 751 1039 61 
Fingerprint / Brass cartridge / Microcon method 2688 3298 80 
 
The data show there was no significant difference between the two extraction methods. 
We decided to use the split method for future experiments because of less time 
consumption. 
 
Unfired vs. Fired Cartridges   
The purpose of this experiment was to observe the effect of firing a cartridge on the DNA 
and protein yields. Aluminum, nickel, steel, and brass cartridges were tested. Substrate 
negative controls were also tested. The samples were all tape lifted using Sellotape and 
the split method was used. As expected across all metals, the unfired sample yielded 
significantly more DNA and peptides than the fired samples (Figures 9 and 10). Table 8 
and 9 list significance testing results for DNA and peptide values for each metal. 
Aluminum and steel had significantly more DNA than nickel and brass; steel also had 
more peptides. Individually, the reduction of DNA was only significant for aluminum and 
steel; peptide reduction was only significant for steel.  
 
All but two substrate negatives samples, an unfired nickel sample (0.01ng) and a fired 
brass sample (0.05ng) yielded no DNA. The substrate negatives all yielded peptides. The 
fired negatives yielded more peptides (1099.21 + 142.25ng) than unfired samples (728.20 
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+ 218.01ng). Four samples had sufficient DNA to go to PCR-STR testing. All had bad 























Figure 9: DNA quantitation results of unfired vs 
fired cartridges. The unfired samples yielded 0.09 + 
0.09ng of DNA. The fired samples yielded 0.03 + 
0.03ng of DNA. The difference between both data 
sets was significant as seen in Table 8 (Mann 
Whitney, p= 0.02202). 
 
Figure 10: Peptide quantitation results of unfired vs 
fired cartridges. The unfired samples yielded 
2080.05 + 1006.13ng peptides. The fired samples 
yielded 991.78 + 328.88ng of peptides. The 
difference between both data sets was significant as 




Table 8: Mann-Whitney U Test p-values on DNA yields. 





0.01208 Brass to Aluminum 
0.01208 Brass to Steel 
0.67448 Brass to Nickel 
0.75656 Aluminum to Steel 
0.02852 Aluminum to Nickel 














0.02202 Fired to unfired 
 
 
Table 9: Mann-Whitney U Test p values on Protein yields. 





1 Brass to Aluminum 
0.01208 Brass to Steel 
0.29834 Brass to Nickel 
0.01208 Aluminum to Steel 
0.5287 Aluminum to Nickel 


















There was an overall effect for both types of biological material after the cartridges were 
fired. The use of the split method for this experiment introduced several problems for 
downstream mass spec analysis. The presence of particular matter required a filtration 
step prior to NanoLC Q-Exactive testing. Several samples had insufficient volumes and 
failed. In addition, the DNA yields were lower than expected with almost no alleles 
detected. Nevertheless, the dataset demonstrates the decrease of detected material after 
firing and metal specific variation. The mass spectrometry results (Table 10) also showed 
a decrease in number of identified proteins after firing.  
 
 
Table 10: Mass spectrometry results of unfired vs. fired cartridges samples 
Samples  Average ID Prot # 
Aluminum cartridge / Unfired 59 + 24   (n= 5) 
Aluminum cartridge / Fired 16 + 14   (n= 5) 
Brass cartridge / Unfired 27 + 7     (n= 3) 
Brass cartridge / Fired 12 + 8     (n= 4) 
Nickel cartridge / Unfired 51 + 15   (n= 4) 
Nickel cartridge / Fired 19 + 16   (n= 5) 
Steel cartridge / Unfired 74 + 27   (n= 5) 
Steel cartridge / Fired 30 + 31   (n= 3) 
 
A full data set would have been five samples each, but as can be seen in the above table, 
several samples failed during the mass spectrometry analysis for the reasons described 





Table 11: Mass spectrometry results of the substrate negatives  
Substrate Negatives ID Prot # 
Aluminum cartridge / Unfired 5 
Aluminum cartridge / Fired 15 
Brass cartridge / Unfired 7 
Brass cartridge / Fired Failed 
Nickel cartridge / Unfired 12 
Nickel cartridge / Fired 12 
Steel cartridge / Unfired 14 
Steel cartridge / Fired 10 
 
Overall the firing of a cartridge does have an effect on the amount of biological material 
on the casing available for testing. Overall, the fired samples had significantly lower 
DNA and protein yields in comparison to their unfired cartridge counterparts. Interpreting 
peptide data for forensic samples will require careful exploration of background levels. 
The substrate negatives had more than expected amounts of biological material for 
peptides only (Table 11). They were negative for DNA. The “split” method had some 
problems and overall yields of both DNA and proteins were lower in previous 
experiments.  
 
Evaluation of PCR Suitability of Candidate Tapes  
While the Sellotape previously recommended by Verheij et al. (2012) was successful in 
recovering biological material, DNA yields were mostly too low for PCR amplification 
and further optimization was necessary.  The first experiment mixed known amounts of 
DNA (500pg) with several types of tape incubated in lysis buffer to test for PCR 
inhibitors. Choosing the tape with the least amount of PCR inhibition would help obtain 
better STR profiles. The following tapes were tested: Pritt Sellotape® Double Sided Tape 
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(Sellotape), Scotch® Magic™ Tape (SMATTE), Scotch® Transparent Tape (SCLEAR), 
Scotch® Permanent Double Sided Tape (SDOUBLE), Scotch® Removable Poster Tape 
(WALL), Voigtlaender Neschen Foil S23 (NESCHEN), Scenesafe FAST™ 
(SCENESAFE), and SmartSolve® Hydrographic Tape (DISSOLVE). Both the trypsin 
split incubation and trypsin microcon incubation methods were used.  
 
Results are presented in a heat map. A green square indicates all expected alleles were 
detected at that locus. The yellow square means there was allelic drop out of a 
heterozygote profile. A red square represents complete locus drop out. The profile 
classification goes as follows. A full profile means all expected allelic were seen in the 
sample. A result is a “good partial” profile when the expected genotypes for at least seven 
loci were seen in the sample. A “bad partial” profile indicates fewer than seven loci of the 
expected genotypes were detected. A “negative profile” means no alleles are seen in the 










































































NoTape                               Bad 
Neschen                               Good 
Scenesafe                               Bad 
Sclear                               Bad 
Sdouble                               Negative 
Sello                               Bad 
Smatte                               Bad 
Wall                               Good 
 
Legend   Full genotype   Allelic drop out   Locus drop out   Allele drop in 
 
 






















































No Tape                               Full 
Neschen                               Full 
Scenesafe                               Full 
Sclear                               Full 
Sdouble                               Negative 
Sello                               Full 
Smatte                               Full 
Wall                               Full 
 
Legend   Full genotype   Allelic drop out   Locus drop out   Allele drop in 
 
Results indicated that without microcon purification even the “no tape” control was 
inhibited (see Table 12). This negative effect was not seen in initial experiments with this 
method (Kranes, 2017). All of the tape samples that underwent the split incubation 
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methods showed signs of PCR inhibition (Table 12) as well. For the microcon incubation, 
the “no tape” control and almost all of the samples had full profiles (Table 13). This 
showed that the trypsin microcon method effectively removes PCR inhibitors.  Tapes 
differed by signal intensity and the resulting relative fluorescent units (rfus) from the 
microcon incubation method sample were used to determine the four best tapes to go on 
to further testing. The rfus of the peaks of loci D8S1179, D3S1358, D19S433, and 
D5S818 were compared to each other. The Voigtlaender Neschen Foil S23, Scotch® 
Removable Poster Tape, Pritt Sellotape® Double Sided Tape, and Scotch® Magic™ 
Tape were chosen for further testing. 
 
Dry Collection Tape Comparison 
The purpose of this experiment was to compare various types of tape that will give the 
best DNA yield. The Voigtlaender Neschen Foil S23, Scotch® Removable Poster Tape, 
Pritt Sellotape® Double Sided Tape, and Scotch® Magic™ Tape were tested on brass 
cartridges. The trypsin microcon method was used to extract. Scotch Magic tape yielded 
the most DNA while Sellotape yielded the least. For the peptide quantitation results, the 
Sellotape yielded the most peptides while the Neschen foil yielded the least. Sample 
numbers were too small for significance testing. All samples had sufficient DNA for 
PCR-STR testing. The Sellotape, Scotch Magic tape (Smatte), and the Scotch Poster 
Tape (Wall) yielded bad partial profiles while the Neschen foil yielded a good partial 





























Figure 11: DNA quantitation results for tape 
comparison. The average DNA yield for the 
Scotch Magic tape was 0.52 + 0.43ng. The 
average DNA yield for the Scotch Poster tape 
was 0.29 + 0.18ng. The average DNA yield for 
the Sellotape was 0.06 + 0.1ng. The average 





Figure 12: Peptide quantitation results for 
tape comparison. The average peptide yield 
for the Scotch Magic tape was 321.37 + 
454.49ng. The average peptide yield for the 
Scotch Poster tape was 225.51 + 318.92ng. 
The average peptide yield for the Sellotape 
was 1386.78 + 756.26ng. The average 
peptide yield for the Neschen foil was 
143.04 + 202.29ng. 
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A                               Good 
Neschen- 
B                               Good 
Sello- A                               Bad 
Sello- B                               Bad 
Smatte- 
A                               Bad 
Smatte- 
B                               Bad 
Wall- A                               Bad 
Wall- B                               Bad 
 
Legend   Full genotype   Allelic drop out   Locus drop out   Allele drop in 
The A refers to the first donor and B refers to the second donor. 
 
Although the Scotch Magic tape yielded more DNA, the Neschen foil sample had the 
best STR profiles. For that reason, the Neschen foil was chosen as the “best” tape for 
collecting biological material from brass cartridges.   
 
Final Dry – Wet Collection Comparison: Wet Polyester Swab vs. Optimized Tape Lift 
This experiment compared the original wet swabbing with polyester swabs optimized for 
trypsin extraction of fingerprints on glass to the optimized dry tape lifting of touched 
brass cartridges with Neschen foil. The trypsin microcon method was used to extract. The 
tape lifted samples yielded slightly more DNA and more peptides than the swabbed 
samples. Fifteen samples had enough DNA to undergo PCR-STR testing, nine were tape 
samples and 6 were polyester swab samples. For the tape lifted samples, one sample had 
significant contamination, two samples had bad profiles, three samples had good profiles, 
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and three samples had full profiles. For the swabbed samples, one had a bad profile, four 


























Figure 13: The DNA quantitation results for the 
final experiment. The average DNA yield for the 
swabbed samples was 1.34 + 304ng. The 
average DNA yield for the taped lifted samples 
was 1.36 + 1.87ng. There was no significant 
difference between both methods (Mann 
Whitney, p= 0.52218) 
Figure 14: The peptide quantitation results for the 
final experiment. The average peptide yield for 
the swabbed samples was 2417.36 + 1422.99ng. 
The average peptide yield for the taped lifted 
samples was 3101.98 + 2206.93ng. There was no 
significant difference between both methods 





























































                            N/A 
POL2                               Full 
POL3                               Bad 
POL4                               Good 
POL5 
 
                            N/A 
POL6 
 
                            N/A 
POL7                               Good 
POL8                               Full 
POL9 
 
                            N/A 
POL10                               Good 
                                  
TAPE1                               Good 
TAPE2                               Full 
TAPE3                               Bad 
TAPE4                               Full 
TAPE5 
 
                            N/A 
TAPE6                               Good 
TAPE7                               Bad 
TAPE8                               Full 
TAPE9 
 
                            N/A 
TAPE 
10                               Good 
 
Legend   Full genotype   Allelic drop out   Locus drop out   Allele drop in 
 
Samples POL1, POL5, POL6, POL9, and TAPE9 had insufficient DNA for PCR-STR testing. Tape5 had 











Tape lifts for sample recovery  
The first change to the original trypsin DNA/protein extraction method developed by 
Kranes (2017) was using tape to collect protein and DNA from substrates instead of the 
wet swab technique with the polyester swab. Because Wan et al (2015) hypothesized that 
the copper component of brass cartridge casings can cause degradation of DNA when in 
contact with water, tape lifting with adhesive rather than liquid seemed to be a good 
alternative sample collection method. As could be shown in the respective experiments, 
tape lifting proved to have comparable DNA and peptide yields and slightly better PCR 
success rates than the wet polyester swab method for brass cartridges. This results were 
different for fingerprints on glass, which confirms results obtained by Wan et al (2015) 
for proteinase K DNA extractions. In our hands tape lifting also proved to have a higher 
DNA yield in comparison to using a swab without a wetting solution (dry swabbing). The 
wet swab method using FLOQ swabs yielded more DNA for the glass samples but the 
tape lift method yielded more DNA on the brass cartridges. On glass samples, the wet 
polyester swab method yielded more proteins than the tape lifting method but on 
cartridges, the tape lifting method yielded more proteins. After PCR amplification results 
on glass were almost equivalent. All of the wet swabbed samples had full STR profiles, 
dry swabbed samples and one tape lift sample showing one allelic dropout each with all 
other samples having full profiles. This shows that the dry sample collection methods 
were comparable to the wet sample collection methods on glass substrates. For all but 
one donor (donor 7) in the final experiment, the tape lifted sample yielded more DNA. In 
terms of STR profiles of cartridge samples more tape lifted samples had full profiles than 
the wet polyester swab method. For each experiment that compared the wet polyester 
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swab method to the tape lifting method for brass, either an STR profile was created only 
for the tape lifted samples or more STR profiles were created for more tape lifted samples 
within the same experiment. For the donors that had both samples amplified, in the final 
experiment, the tape lifted sample tended to have a better STR profile that its swabbed 
sample counterpart.  
 
Tape lifting has its shortcomings in comparison to the wet polyester swab method. 
Handling the tape while collecting sample is more difficult than swabbing. The Neschen 
foil consists of 10x13cm sheets of single sided adhesive foil attached to semi-rigid plastic 
backing and must be cut prior to tape lifting. The piece of tape has to then be fitted onto 
the casing properly while trying not to accidentally touch the scientist’s glove. Other 
thinner tapes had other problems; double-sided tapes tended to fold unto each other or 
adhere to the inner wall of the reagent tubes.  Practice tends to make tape lifting easier 
over time. It can also be difficult to submerge the tape into the tube with the lysis buffer. 
Over the course of the extraction, some tapes expand so that part of the tape is above the 
liquid.  On the positive side it should be mentioned that tape does not contain fibers and 
lint that could clog the microcon membrane during the separation step.  
 
The Neschen foil product was selected as the new preferred tape even though previously 
Sellotape had been used for a large part of the project.  After reviewing the STR profiles 
of tapes from incubation experiments, four tapes had been chosen to be used to extract 
DNA and protein on fingerprint samples: Scotch Magic Tape, Scotch Poster Tape, Pritt 
Sellotape, and Neschen Foil S23. For most experiments, Sellotape had been used so this 
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was the benchmark tape for comparison. The Sellotape yielded the least amount of DNA 
but yielded the most proteins. Neschen tape yielded the second most amount of DNA and 
the least amount of proteins. Because we felt the individualizing (polymorphic) 
information gained from extracted DNA outweighs that gained from extracted proteins 
we preferred a tape that yielded significant amounts of DNA and that did not inhibit PCR. 
Also in previous experiments tape lifted samples rarely had enough DNA to go through 
PCR-STR testing. Examining the STR profiles of the four tapes, the Neschen foil clearly 
performed the best with the only tape resulting in good partial profiles. This Neschen foil 
performed well in the final experiment, where 6 out of 10 brass cartridge samples gave 
full or good partial profiles.  
 
Trypsin Microcon Method vs Trypsin Split Method 
Another change considered for the original trypsin method was to try a similar method 
that did not require the use of the Millipore microcon units but to simply divide the 
extract in two with one portion being used for DNA testing and the other being used for 
protein testing. The thinking behind this was to 1) decrease the extraction time and 2) 
decrease costs by omitting microcon filter units. In order to maintain the resulting DNA 
concentration the initial extraction volume needed to be decreased thus also creating 
higher concentrations for the peptide fraction. The trypsin split method approximately cut 
the extraction time by an hour in comparison to the trypsin microcon method, and by an 
hour and thirty minutes in comparison to the trypsin microcon method with the additional 
wash step.  
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As stated previously, the trypsin split method used a smaller initial extraction volume. 
Decreasing the initial extraction volume would concentrate the extracted DNA and 
proteins. A higher concentration of DNA would increase the likelihood of obtaining a full 
DNA profile.   But this was not an advantage for the DNA fraction. In the “trypsin 
extraction comparison” experiment, the trypsin microcon method yielded more DNA 
overall.  The DNA fraction from the trypsin microcon method actually has a smaller 
volume than the split method extract. In the trypsin split method the DNA and proteins 
are not separated from each other so the yield for each uses the entire extract volume as 
opposed to the trypsin microcon method where only a portion of the extract volume has 
DNA or proteins. Comparing the samples of each donor to each other in that experiment, 
the results were very similar but with conflicting trends. For one donor, the sample that 
went through the split method had a higher yield and concentration while the other donor 
had the opposite results.  For the “extraction and sample collection comparison” 
experiment, the Proteinase K samples yielded DNA while the trypsin split method 
samples did not. The lower DNA yield from the trypsin split method samples correlated 
with the poor STR results that followed. In the “unfired vs fired cartridges” only three 
samples, which used the trypsin split method, had enough DNA to go through PCR-STR 
testing and they all resulted in bad profiles. Reviewing the heat map results of the tape 
incubations preformed, there is a clear difference in PCR efficiency between the samples 
that used the trypsin split method and the trypsin microcon method. The microcon 
method samples resulted in almost all full profiles, while the split method samples 
resulted in mostly bad profiles. 
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Having a lower initial extraction volume in the trypsin split method seemed to be a 
benefit on the protein side. In the “trypsin extraction comparison” experiment, the trypsin 
split method yielded more proteins overall based on fluorometric peptide quantitation. 
However, looking at each donor and also the mass spectrometry results, the trend is 
conflicting. For one donor, the trypsin split method yielded more peptides and identified 
proteins while the opposite was true for the other donor.  
 
The trypsin split method had some disadvantages in regards to downstream mass 
spectrometry processing. Without the microcon filtration step the protein fraction 
contained the particles that would sometimes clog the NanoLC-MS capillary. Those 
samples would need to be filtered prior to being reinjected into the instrument, which was 
difficult for the low volumes available after splitting the sample in half. In the end, many 
of the split method samples had to be diluted and filtered. This was not an issue for the 
trypsin microcon method; here samples could be injected without further processing, 
because the particles had been held back by the MW100 cut off membrane.  
 
Cartridge casings  
Brass casings are reloadable and resistant to corrosion which makes brass the most 
popular type of ammunition (Ammo.com, 2017). It is also the most problematic metal 
when considering DNA recovery, which Wan et al (2015) attributed to known oxidative 
properties of the copper component. Our experiments confirmed that brass cartridges tend 
to yield less biological material than aluminum, nickel, and steel casings. In the “metal 
casing comparison” experiment, the brass samples had the least amount of DNA. 
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recovered using both the tape lift and wet polyester swab sample collection methods 
(Figure 5). On the protein side, the sample samples had less proteins recovered using the 
wet polyester swab method (Figure 6). The tape lift method used greatly improved the 
protein yield (Figure 6), which helped support that tape may be a better alternative to 
using wet swabs to collect samples from brass cartridge casings. With brass cartridge 
cases being the “worst case scenario”, this metal was selected as the substrate for most of 
the method development. If the resulting method were to work with this sample type, 
then it should be able to extract both DNA and proteins from all metal casings.  
 
The “unfired vs. fired cartridge” experiment demonstrated that cartridge casings that were 
fired from a firearm would have less biological material than an unfired cartridge 
(Figures 9 and 10). In terms of the number of identified proteins, the fired samples had 
fewer proteins (Table 10). The substrate negative had higher than expected levels of 
biological material before and after firing even though they had been cleaned. There 
seems to have been contamination, which for the fired samples may have come from the 
guns, where not all of the internal parts were accessible for cleaning. It is not clear where 
the unfired, untouched cartridges would have picked up biological material. Also in this 
experiment, many samples failed the mass spectrometry analysis done by LLNL. These 
sample contained particles, which ended up clogging the LC-MS sample delivery. The 
samples that failed were then filtered to remove the particles, but a few of those samples 




Other concerns  
Overall results reflect the expected variability based on donor to donor variation. Many 
sample sets throughout this project displayed high standard deviations.  This range is due 
to the variation of how much biological material donors leave behind when touching an 
item. One donor could be a better shedder while another donor can be a bad shedder 
(Farmen et al 2008). This type of donor to donor variation was the reason why all method 
and sample set comparisons were performed with parallel left-right hand sets from the 
same volunteers.  
 
The “environmental levels” experiment showed that “untouched” cartridges have proteins 
present on the casing (Table 5 and 6). This tells us that more testing would need to be 
done to understand these background levels and any implications for casework. The 
proteins seen in the environmental samples may have come, for example, from the 
employees of the ammunition manufacturers. No DNA was detected on any of the 
environmental samples indicating a higher abundance of proteins.   
 
Outlook 
Results were promising for future protein testing on biological evidence since even 
samples with no detectable DNA yielded enough peptide digest to identify specific 
proteins, which now could become targets for GVP discovery. The “unfired vs fired 
cartridges” experiment should be repeated using the Neschen foil and microcon filtration. 
Very few of the current samples yielded enough DNA for Identifiler Plus STR testing. 
Although we were able to demonstrate that firing a cartridge reduces the amount of 
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biological material on the casing, we were not able to see how it would affect PCR. Our 
final method had better yields on the most difficult metal surface (brass) and a repeat 
promises better STR success rates. Prior to using the protein/DNA co-extraction in 
routine forensic casework one would also still have to show results are comparable to 
current DNA extraction methods for metal surfaces and standard trypsin based protein 
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The classification of the sample DNA profiles was based on the number of loci that had 
full representation of the correct alleles. A full profile meant all expected allelic were 
seen in the sample. A result was a “good partial” profile when the expected genotypes for 
at least seven loci were seen in the sample. A “bad partial” profile indicated that fewer 
than seven loci of the expected genotypes were detected. A “negative profile” meant no 
alleles are seen in the sample.   
 




















































WP1                               MIXTURE 
WP2                               FULL 
WP3                               FULL 
WF1                               MIXTURE 
WF2                               FULL 
WF3                               FULL 
DF1                               MIXTURE 
DF2                               MIXTURE 
DF3                               FULL 
T1                               MIXTURE 
T2                               MIXTURE 
T3                               FULL 
 
Legend   Full genotype   Allelic drop out   Locus drop out   Allele drop in 
 
WP means wet polyester. WF means wet FLOQ. DF means dry foam. T means tape. The classification of a 
mixture was given to sample with contamination from another source. The donor was always the major 
























































TC2                               GOOD 
TC2 was a tape lifted sample. 
 
 

















































NT2                               FULL 
NT2 was a tape lifted sample from a nickel casing. 
 
 
 
